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Objective: To study the relatedness among methicillin-resistant Staphylococcus aureus (MRSA) isolates originating 
from two regions of Poland using different epidemiologic typing methods. 
Methods: Forty-five MRSA isolates (19 from Warsaw and 26 from the Grajewo region) were collected between 1995 
and 1996. For phenotypic epidemiologic analysis, antimicrobial susceptibility testing (AST) with a panel of 19 antibiotics 
was performed. For genotypic epidemiologic analysis, pulsed-field gel electrophoresis (PFGE) of Srnal-digested 
chromosomal DNA, restriction endonuclease analysis of plasmid (REAP) DNA digested by Hindlll, random amplification 
of polymorphic DNA (RAPD) and binary typing (BT) of genomic DNA by hybridization with five different RAPD-generated 
strain-specific DNA probes, were used. 
Results: Six clusters of clonally related strains were found among the MRSA isolates analyzed. Three of these, 
identified in both regions, were related to previously described Polish epidemic clones, designated HeEMRSA-Poll 
(heterogeneously methicillin resistant-I8 isolates) and HoEMRSA-Poll (homogeneously resistant-two clones, six 
isolates each). The remaining three clones, identified in the Grajewo region only, are previously undescribed. One of 
these, represented by 11 isolates, appears to be new epidemic heterogeneous MRSA clone (HeEMRSA-Pol2). Results of 
PFGE and BT in general showed good correlation, and, in some cases, RAPD using API and AP7 primers could 
discriminate between isolates belonging to single PFGE or BT types. Broad AST and REAP can provide useful additional 
information concerning relatedness. 
Conclusion: Evidence for the spread of previously recognized epidemic MRSA clones in Poland and the presence of 
a new epidemic heterogeneously resistant clone of MRSA in hospitals outside Warsaw is documented. 
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INTRODUCTION 
Methcillin-resistant Staphylococcus aureus (MRSA) strains 
were first detected in the UK in 1960, soon after the 
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introduction of penicillinase-resistant penicillins [ 11. 
However, resistance was not initially associated with 
prior treatment with this class of antibiotic but was 
found to be intrinsic at a low level in the population. 
MRSA strains were first reported in Poland in 1961, 
prior to the introduction of these penicillins into 
clinical use [2] .  The clonal nature of MRSA has been 
widely documented, as has the inter- and intra-hospital 
spread of resistant clones [3,4]. The original reports of 
clonal spread of MRSA indicated that m e d ,  conferring 
resistance to methicilln, was rarely transferred between 
strains [5]; however, the presence of diverse phylo- 
genetic lineages in the population suggests the feasibility 
of horizontal transfer of methicillin resistance [6]. 
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Today, MKSA is recognized as one of the most 
problematic nosocomial pathogens in the world. The 
incidence of MRSA among clinical isolates of S. arrreirr 
varies from country to country. Some countries, such 
as The Netherlands (1.5%), Switzerland (1.8%) and 
Denmark (0.2% since 1984) [7],  have managed to keep 
MKSA at a controllable level, through careful sur- 
veillance and immediate action to  prevent the spread of 
resistant strains, and the restricted use of antibiotics. 
The incidence of MKSA in many other countries, such 
as Japan (with a reported MRSA rate of up to 90% in 
some hospitals) 181, Italy (34.4%), France (33.6%) and 
Spain (30.3%) [7],  is alarming, and the problenis faced 
are more critical, requiring elaborate eradication 
program?. along with the increased use of expensive 
and less efTective antibiotics, such as vancomycin, for 
the treatment of MRSA infections. 
For monitoring the spread of epidemic MKSA 
strains, a number of epidemiologic typing methods 
have been employed: antiiriicrobial susceptibility test- 
ing (AST), biotyping, phage typing, plasmid analysis, 
genomic restriction fragment length polymorphism 
(RFLP) analysis using pulsed-field gel electrophoresis 
(PFGE) and DNA hybridization with various DNA 
probes [6,9-1 I ] .  The most powerful techniques for 
epidemiologic typing of MRSA are genotypic methods 
like PFGE, which are increasingly replacing the more 
traditional methods of typing such as phage typing 
Good epidemiologic typing of MRSA strains 
allows individual hospitals to monitor the incidence 
and spread of epidemic strains within and between 
wards, as w-ell as providing important data for tracking 
epidemic strains between hospitals throughout the 
country and beyond national frontiers. 
In Poland, the frequency of MRSA isolates among 
S.  u w e m  has been reported to exceed 50% in some 
neonatal and intensive care units 113,141. However, no 
data are available on the nationwide prevalence of 
epidemic strains, although the presence of two pre- 
dominant epidemic clones which differ phenotypically 
and genotypically has been documented. Within a 
population of MRSA, resistance may be expressed at 
a high level by all the cells (homogeneous resistance) or 
at different levels, with varying MICs, by two or more 
subpopulations (heterogeneous resistance) [15-I 71. The 
first of the predominant clones, HoEMRSA-Poll, was 
found to be homogeneously resistant to methicillin and 
riiultiply retistant to many of the antibiotics tested, 
including all aniinoglycosides, macrolides, linco- 
samides, tetracyclines and chloraniphenicol. Isolates 
of this clone have been found in many regions of 
Poland. The second, heterogeneously resistant clone, 
HeEMRSA-Poll , in which resistance to niethicillin 
[ 1 2- 1 41 . 
was expressed by only a sniall proportion of the cell 
population at a given time, was originally found in 
the Warsaw region, arid was characterized by its 
susceptibility to iiiost of the antibiotics tested, with the 
exception of tetracycline and niupirociii [I  3,14.16]. 
The aim of the present study was to type MRSA 
isolates from two geographically distinct regions of 
Poland, using different epidemiologic typing methods 
to determine the relatedness between the strains, and 
to identifi additional epidemic strains if present. 
MATERIALS AND METHODS 
Bacterial strains 
Nineteen isolates from a large teaching hoypital iii 
Warsaw, collected over 8 months in 1996, and 26 
isolates from three hospitals and 3 nursing home in the 
Grajewo district of northeastern Poland, collected over 
19 months between 1995 and 1996, were referred to 
the Sera and Vaccines Central Research Laboratory 
(SVCRL) for further investigations. lsolates from both 
sites of infection and routine carriage studies were 
included from both regions, and environmental samples 
(taken from children’s beds. water taps, operating 
theater, stethoscope and nappy rash ointment) were 
included fi.om the Warsaw hospital only. All isolates 
were confirined as 5’. U C I Y ~ I I S  based on coagulase pro- 
duction (bound and free) using rabbit plasma, 1I)Nase 
production and standard biochemical methodologies 
[18]. All isolates were stored in tryptic soy broth (TSB, 
BioMkrieux, France) with 10%~ glycerol at  -70°C. 
Antimicrobial susceptibility testing 
The antimicrobial susceptibilities of all isolates were 
tested by disk diffusion methods according to the 
National Comnlittee for Clinical Laboratory Standards 
(NCCLS) guidelines [ 191. using Mueller-Hinton 
agar (MHA, Oxoid, UK),  against the following panel 
of antibiotics: penicillin, streptomycin, gentamicin, 
amikacin, kanamycin, iieoiiiycin 30 pg, tobramycin, 
erythromycin, clindamycin, linconiyciii 15 pg, tetra- 
cycline, vancomycin, ciprofloxacin, mupirocin 5 pg 
(and 200 pg to detect high-level resistance), tri- 
niethopriiii-sulfamethoxazole, ftisidic acid 10 pg, 
chloraniphenicol (all from Oxoid, UK) and rifainpicin 
(Becton Dickinson, UK). For fusidic acid and 
lincomycin, the French interpretative criteria were 
used [20]. Sensitivity to neoniycin was deteriiiined 
according to Stokes’ method 1211. To detect low- and 
high-level resistance to mupirocin, previously described 
criteria were applied [13,22]. 
Methicillin resistance was confirmed in the hospital 
laboratories by the disk diffusion method according to 
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NCCLS guidelines and in the SVCRL by two agar 
dilution screening methods, the first using MHA 
with 6 mg/L of oxacillin (SmithKline Beecham, UK) 
m d  4% NaCl [19], and the second using tryptic 
soy agar (TSA, BioMkrieux, France) with 25 mg/L of 
methicillin (Sigma, USA) [23]. In the latter technique, 
100 pL of an overnight culture grown in TSB was 
inoculated onto the medium and incubated aerobically 
A t  37 "C for 40 h. Detection of the mecA gene by P C R  
was performed as described previously [24]. 
P-Lactamase production was tested using a nitro- 
cefin-based method (Cefinase, BioMCrieux, France), 
using colonies from the edge of the zone of inhibition 
around the penicillin disk for optimal detection of 
inducible p-lactamases. 
Preparation of genomic DNA and pulsed-field gel 
electrophoresis 
Preparation of cells and fragmentation of DNA in situ 
in agarose plugs with SmaI (MBI Fermentas, Lithuania) 
was performed as previously described [16,2S]. Sub- 
sequent resolution of DNA fragments was achieved 
using a contour-clamped homogeneous electric-field 
CHEF D R  I1 apparatus (Bio-Rad, USA) on a 1% 
pulsed-field certified agarose (Bio-Rad, USA) gel in 
0.5 XTBE recirculated at 14OC. The total run time was 
28 h at 6 V/cm with two blocks: the first with a linear 
ramped switch time from 5 to 60 s over 14 h and the 
second with a linear ramped switch time from 60 
to 90 s over 14 h. The gel was stained in ethidium 
bromide and, following photography on high-speed 
film (Polaroid, UK), different PFGE types were 
identified using recently described criteria [26,27]. 
PFGE types were denoted by capital letters, with 
subtypes indicating closely related strains being assigned 
an additional number. The correlation coefficient was 
calculated according to Dice and cluster analysis. 
Genomic DNA preparation for PCR template 
Cultures of bacteria of 1.5 mL were grown overnight 
in TSB at 37°C. DNA was extracted from 200 pL of 
the cultures using the Genomic DNA Prep Plus kit 
(A&A Biotechnology, Poland) and lysostaphin (Sigma, 
USA) according to the manufacturer's instructions. 
DNA concentration was measured spectrophoto- 
metrically and subsequently used for RAPD, mecA gene 
detection and binary typing analysis. 
Random amplification of polymorphic DNA (RAPD) 
RAPD typing was performed using two primers AP1 
and AP7 [28,29]. The reaction mixture consisted of 
approximately 10 ng of total DNA, SO pmol of the 
primer, l 0 0 p M  dNTPs, 2.SmM MgC12, 10pg  of 
bovine serum albumin (BSA), 2 U of Taq polymerase 
(MBI Fermentas, Lithuania) and buffer supplied by the 
manufacturer of the enzyme. Reactions were run under 
the following conditions: 5 min at 94OC, followed by 
five cycles of 15 s at 94 "C, 30 s at 35 OC and 90 s at 
72"C, followed by 30 cycles of 15 s at 94"C, 15 s at 
55 "C and 30 s at 72OC, and finally 7 min at 72 OC. The 
amplification was performed in a GeneAnip P C R  
System 2400 (Perkin Elmer, USA) thermocycler. 
Amplified products were run in 2% NuSieve agarose 
3:l gel (FMC Bioproducts, USA). DNA fingerprints 
were photographed and analyzed visually. RAPD types 
were identified using numbers, based on single band 
differences. 
Binary typing (BT) 
Binary typing was performed as described by van 
Leeuwen et al. [3O]. Essentially, hybridization studies 
were performed using five RAPD-generated, strain- 
specific probes (E, M, a ,  d and 17A) on dot blots with 
total genomic DNA derived from S. aureii5 isolates. 
Probe labeling, hybridization and detection were 
performed with the ECL direct-labeling and detection 
systems according to the manufacturer's instructions 
(Amersham Life Science, UK). Binary types were 
assigned according to the presence or absence of 
the target sequence in the staphylococcal genome, 
generating a plus/minus output and represented by 
a profile, a five-digit code according to their 
hybridization pattern with the five probes employed. 
Previously recognized BT types [30] were denoted by 
Roman numerals and newly recognized types by capital 
letters. 
Restriction endonuclease analysis of plasmid DNA (REAP) 
Plasmid DNA was purified from lysostaphin-treated 
(Sigma, USA) bacterial cells by the alkaline lysis 
method as previously described [31]. For the finger- 
printing analysis, approximately 5 pg of plasmid DNA 
was digested with 10 U of Hind111 (MBI Fermentas) 
for 2 h at 37OC. DNA was electrophoresed through 
0.8% agarose gel (FMC Bioproducts, Maine, USA). 
REAP patterns were designated with lower-case letters 
-similarities between strains were denoted by an 
additional number. 
RESULTS 
Methicillin resistance 
All isolates were confirmed as being methicillin 
resistant by the agar dilution screening methods and by 
detection of the mecA gene by P C R  (results not 
shown). O n  the basis of the expression of resistance 
on medium containing 25 mg/L of methicillin, 33 
isolates were found to be heterogeneously resistant to 
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niethicillin (with countable colonies) and 12 were 
homogeneously resistant (with confluent growth). 
AST and P-lactamase production 
The results of antimicrobial susceptibility testing are 
shown in Table 1 as antibiograms. All the homogeneous 
isolates were resistant to all the aminoglycosides 
(S+KN+KTG phenotype [32]), erythromycin and 
tetracycline. Nine isolates were found to be con- 
stitutively resistant to macrolides, lincosamides and 
streptograniins B (MLSR) while the remainder were 
inducibly resistant. Five isolates from Warsaw were 
resistant to rifarnpicin and ciprofloxacin, while three 
isolates from Grajewo were resistant to chloram- 
phenicol. All homogeneous MRSA isolates were 
sensitive to mupirocin and fusidic acid and one was 
found to be p-lactamase negative. The heterogeneous 
isolates were generally found to be less resistant than 
homogeneous isolates to the antibiotics tested; how- 
ever, a number of multiply-resistant isolates were 
identified. Twenty-seven isolates (XI .8% of hetero- 
geneous MKSA isolates) were found to produce 
penicillinase. Aminoglycoside resistance was observed 
in all isolates with three main patterns being identified 
which appear to be characteristic of the clones 
identified by molecular techniques: KTG for PFGE 
type C ;  S+KN for PFGE type B; and KN+KT for 
types A and D [32]. Resistance to macrolides and 
lincosamides was observed in seven isolates (one MLSB 
constitutive, three MLSB inducible from Grajewo 
and three lincomycin resistant only from Warsaw). 
Resistance to tetracycline was observed in nine isolates 
and to chloramphenicol in another nine isolates 
from both regions, to ciprofloxacin in three isolates 
from Grajewo, and to fusidic acid in five isolates from 
Grajewo and high-level resistance to mupirocin was 
observed in six isolates from Warsaw. All MRSA isolates 
were sensitive to vancomycin and co-trimoxazole. 
Molecular typing 
The results of PFGE, BT, RAPD and REAP analyses 
are shown in Table 1. Among the 33 heterogeneously 
resistant isolates of MRSA, four distinct main PFGE 
SinaI types (A-D), seven BT types and 10 RAPD 
(AP7:APl) types were identified. Among the 12 homo- 
geneously resistant isolates, two distinct PFGE types 
(E-F), three BT types and three RAPD AP7:APl types 
were identified. In total, six PFGE types, with 18 
subtypes, were identified (see Figure 1A,B for some of 
them). Amongst PFGE patterns of heterogeneously 
resistant MRSA isolates the highest similarity was 
observed between types A and D, with a correlation 
coefficient of 50.88, whereas between the other 
patterns within this cluster similarities ranged from 
50.32 to 50.55. Between PFGE types E and F, the two 
homogeneous MKSA clusters identified, the correlation 
coefficient was 50.51. Between the PFGE patterns of 
the homogeneous and heterogeneous clones similarities 
ranged from 50.35 to 50.56. 
BT results showed nine types, including two pre- 
viously undescribed types, which were designated A 
and B. In RAI’D, 13 types were identified. A selection 
of the RAPD patterns obtained is presented in Figure 
Fourteen KEAP types, with 24 subtypes, were 
identified amongst all the isolates analyzed (Figure 3). 
Similar patterns were observed among isolates belong- 
ing to the same clone, as identified by PFGE and BT, 
isolated in each region and are denoted by bl-b3, 
kl-k9 and nil-ni2. Therc was no common pattern 
identified between the two regions. No plasmids were 
detected in nine isolates (20%). 
3 
1. 
DISCUSSION 
Typing of MRSA is a difficult task as most strains are 
considered to be derived from relatively few clones [4]. 
In this study we analyzed a number of isolates from two 
regions of Poland, using phenotypic and genotypic 
techniques in an attempt to identify related strains of 
MKSA which may be epidetnic. In previous studies 
carried out in Poland, two distinct clusters of clonally 
related MRSA, one homogeneously resistant and 
one heterogeneously resistant to niethicillin, now 
designated HoEMRSA-Poll and HeEMRSA-Poll , 
were identified [ 14,161, 
In this study, we have identified a new hetero- 
geneously resistant clone of epidemic MRSA (PFGE 
type B), designated HeEMRSA-Pol2, from the Grajewo 
region, which is on Poland’s eastern border with Russia 
(Kaliningrad), Belarus and Lithuania. This is the first 
report of heterogeneously resistant epidemic MKSA 
isolated outside of Warsaw, which would seem to 
indicate that either detection methods have improved 
or that new MRSA strains have been introduced to this 
region. All but one of the 11 isolates were derived from 
purulent material, the other originating from a nasal 
swab. HeEMKSA-Pol2 was isolated from patients on 
the pediatric wards of the two hospitals, on the surgical 
ward of one and in the nursing home. It is possible that 
this clone spread from the above original nasal isolate 
within both hospitals and to the nursing home. The 
clone has some similar phenotypic features to the 
original heterogeneous clone of MRSA, designated 
HeEMRSA-Poll [13,14], but has clearly distinct geno- 
typic features, with a predominant PFGE subtype 
designated B1 and a predominant BT type, previously 
undescribed by van Leeuwen et a1 [30], designated A. 
RAPD 
Number of isolates PFGE BT (AP7:APl) REAP Antibiogram Origins 
Table 1 Summary of results of phenotypic and genotypic typing methods used to analyze MRSA isolates horn Warsaw and Grajewo 
- 
Heterogeneous isolates (n=33) 
HeEMRSA-Poll 
12 
1 
1 
1 
1 
HeEMRSA-Pol2 
9 
2 
Non-epidemic MRSA 
2 
I 
1 
Homogeneous isolates (n= 12) 
HoEMRSA-PollA 
3 
1 
2 
HoEMRSA-Poll B 
2 
1 
1 
2 
VII(5)’, IV(7) 1:2(8), 3:3(3) ,  1:2(1) e(1). d(2), k1(2), k3(2), k6(2), A1 
A2 
A3 
A4 
A5 
A6 
B1 
B2 
C1 
C2 
D 
El  
E2 
E3 
F1 
F2 
F3 
F4 
B 
IV 
VII 
XIV 
IV 
A 
X X I  
XI11 
B 
XIV 
VI(1), XIV(2) 
XIV 
XIV 
VIIl 
VIII 
VIII 
VI 
1:8 
1:2 
1.4 
3:7 
3:4 
2.1 
2:l 
4:6(1), 4:5(1) 
4:5 
5:3 
6:9 
6:9 
6:9 
7:9 
8:9 
7:9 
7:9 
ml 
ND 
ml 
ni l ( l ) ,  m2(1) 
PKNTe Warsaw 
PKNTETeChM(1) Warsaw (envx 1) 
PSKNATTeChCi Grajewo 
NTEChCi Grajewo 
I’SKNATTeChCi Grajewo 
PKTG Grajewo 
PKTG Grajewo 
PKNTELClCi Grajewo 
PSKNTGETeChL(3) Grajewo 
PSKNTGELTe Grajewo 
PSKNTGELTe Warsaw 
PSKNATGELClTeRCi Warsaw 
PSKTGELTe Grajewo 
PSKNATGELClTeRCi Warsaw 
PSKNATGELClTeRCi Warsaw 
____~  ~~ 
Genotypic methods: I’FGE, pulsed-field gel electrophoresis; BT, binary typing; RAPD, random amplification of polymorphic DNA; KEAP, restriction endonuclease analysis of plasmid DNA; ND, not 
detected; env, environmental samples. 
Antibiogram: A, amikacin; Ch, chloramphenicol; Ci, ciprofloxacin; CI, clindamycin; E, erythromycin; F, fusidic acid; G, gentamicin; K, kanamycin; L, lincomycin; M, mupirocin; N, neomycm; 
R, rifampicin; S, streptomycin; T, tobramycin; Te, tetracycline; P, penicillin resistance due to penicillinase production; Underlined-occasional resistance observed. 
‘Numbers in brackets indicate the number of isolates with given feature, if the feature was not uniformly presented by all isolates of given PFGE pattern. 
P 
ln 
m 
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485. 
48 5 .  
B 
485 
48 5 
Figure 1 I’FGE of SmaI-digested chromosomal DNA from S. ~ K W .  The outer lanes contain uiolecuiar size markerr ( tn )  111 
kilobase pairs obtained from 1 bacteriophage DNA concatanlers, the size$ of which arc indicated 011 the kit. The isolatc 
nuiiibers are shown above the lane4 and their corresponding PFGE types are depicted below 
, -  . -  
I 1 .  
Figure 2 RAPD malyuic using API and AP7 primers 
(indicated on the right) and undigested genoniic DNA 
from S. mrciis.  The isolate numbers are shown above the 
lanes and their corresponding RAPD (AP7:APl) types are 
depicted below. Molecular size markers (m) in base pairs are 
indicated on the left. 
Additioiialy. two isolates were found to have a 1’FGE 
subtype B2 and BT type XXI. RAPD typing 
confirmed the relationship between all these isolates. 
This HeEMRSA-Pol2 clone was found to be the 
predominant type of M R S A  in the Grajewo region, 
and its proximity to the border suggests that this may 
have been imported from the east, though further 
studies are necessary to confirm this hypothesis. 
From the nursing honie in  Grajewo, another 
unique genotype (PFGE type C) was found in nasal 
carriage studies of  two nurses. It  i? interesting to note 
that two MKSA strains isolated 6 months apart from 
the same nurse had different K A P D  patterns with 
AP1, as well as different plasmid patterns, but other- 
wise were identical phenotypically and genotypically. 
Additionally, another unique PFGE type D, detected in 
just one throat swab from the coniniunity, was found 
in the Grajewo region. 
Isolates of  PFGE type A were found in both 
regions which were siniilar to the original clone of 
heterogeneous MRSA, now designated HeEMRSA- 
Pol l ,  identified in 1Y91 [13,14]. Within this PFGE 
type, four subgroups could be distinguished on  the basis 
of  binary typing: VII, IV, XIV and B (Table 2). T h e  
latter two were represented by just one isolate each. BT 
type VII was found to be most prevalent in  the Grajewo 
region. while type IV prevailed in the Warsaw hospital; 
however, both types were identified in the two regions. 
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23130 
941 6 
6557 
4361 
2322 
2027 
Figure 3 Restriction endonuclease analysis of plasmid DNA isolated from S. aurais using HindIII. Molecular size markers 
(m) in base pairs are indicated. The isolate numbers are shown above the lanes and their corresponding REAP types are 
depicted below. Except for isolates 3031 and 3033 (both methicillin susceptible), all isolates shown here are MRSA isolates 
which originated from the Warsaw hospital. 
RAPD was also found to distinguish between the 
isolates in this clone and generally agreed with the 
PFGE subtypes and BT types. The eight environmental 
isolates from the neonatal unit and pediatric and 
surgical wards of the Warsaw hospital were clearly 
Table 2 BT profiles with five-digit codes and their 
iorrespondmg PFGE types 
Hybridization pattern with 
strain-specific probes 
BT No. of 
type E M a d 17A isolates PFGE types 
IV 02 0 0 l b  1 10 A l ,  A2 and A6 
VI 1 0 1 1 1  3 F4 and E l  
VII 0 0 1 1 1  6 A1 
VIII 1 1 1 1 1 4 F1, F2andF3  
XI11 I 1 0 1 1 2 CI 
X I V 0  0 1 0 1  7 E l ,  E2, E3, 
XXI 0 0 0 0 1 2 B2 
A 1 0 0 0 1  9 B1 
0 0 1 0 1 1  2 A2 and C2 
'Negative-hybridization not observed with distinct DNA probe 
when reacted with undigested staphylococcal DNA. 
bPositive-hybridization observed. 
AS and D 
related, with similar PFGE (predominantly Al),  BT  
(IV) and RAPD (1:2) types; however, one had a BT 
type VII. As this difference is due to hybridization with 
an extra probe (a), this may be indicative of a problem 
with probe specificity. The finding of MRSA in 
ointment used to treat nappy rash in the Warsaw 
hospital is undoubtedly a major cause for concern for 
infection control. 
Among homogeneous MRSA from both regions, 
two distinct PFGE types were observed. Isolates of 
PFGE type E found in Grajewo and Warsaw were 
found, with one exception, to have similar BT and 
RAPD patterns (XIV 6:9). PFGE type F was 
predominantly found in the Warsaw hospital, and 
within this clone two BT types were observed, VI and 
VIII, the latter encompassing three of the PFGE 
subtypes. This is the first report of homogeneous 
MRSA in this particular Warsaw hospital; however, in 
previous studies only three wards were analyzed [13]. 
Homogeneous MRSA isolates are known to be 
multiply resistant to most of the antibiotics, whereas 
heterogeneous MRSA isolates were previously found 
in Poland to be resistant occasionally to tetracycline 
and mupirocin only [13,14,16]. From the resistance 
patterns observed, it is clear that heterogeneous MRSA 
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isolates are more multiply resistant than previously 
described HeEMRSA-Poll isolates, and classifying 
strains as belonging to this cluster purely on this basis 
should be avoided. 
It is interesting to note that some reports indicate 
over 99% of MRSA strains in hospitals to be resistant 
to gentamicin and that this can be used to detect the 
presence of MRSA, due to the difficulties associated 
with the detection of heterogeneity of expression of 
methicillin resistance [33]. In this and previous studies, 
the most prevalent clones of heterogeneously resistant 
MRSA were found to be gentamicin susceptible, so this 
approach to the detection of MRSA in Poland is not 
useful, as some strains of MRSA can be easily missed. 
However, each clone of heterogeneously resistant 
MKSA identified in this study appears to be associated 
with a particular aminoglycoside resistance phenotype, 
and this can be helpful in initial screening tests for 
determining the relatedness of strains [32]. Three 
heterogeneous MRSA isolates were identified as 
being resistant to lincomycin, with susceptibility to 
clindamycin and erythromycin, which may indicate 
either the LSA (lincosaniide-streptogramin A) pheno- 
type or singular lincosaniide resistance. It  is known that 
resistance to lincomycin is indicative of resistance to 
clindamycin regardless of zone size, as the MIC is 
markedly increased 1341, and so these findings raise 
questions concerning NCCLS recommendations for 
the use of clindamycin resistance as a phenotypic 
marker. 
The results of PFGE and BT, both time-con- 
suming procedures, generally showed good correlation. 
PFGE clearly identified six groups of clonally related 
isolates. BT was found to distinguish different sub- 
groups within PFGE types, which were also indicated 
by different PFGE subtypes. Within the PFGE type A 
clone, two main BTs are found, VII and IV, which 
differ by just one probe, and these correspond well with 
the region from which the isolates originated. PFGE 
distinguished more subtypes within some of the clones, 
as in PFGE typec E and E There were only a few 
incongruent results obtained: one PFGE type A1 and 
PFGE type D both had BT types of XIV, which was 
more often associated with PFGE type E l .  One PFGE 
type C1 and one PFGE type A1 had a similar, 
previously unidentified BT type, B. This may indicate 
the need for additional probes to distinguish between 
these unrelated strains by BT. 
For primers used for RAPD, AP1 distinguished 
more subtypes among heterogeneously resistant MRSA 
than AP7. However, unlike AP7, it did not distinguish 
between any of the homogeneously resistant isolates. 
RAPD clearly distinguishes between the isolates in 
each clone. and in some cases two or more types are 
found, which may indicate increased sensitivity to 
changes in the bacterial genome. However, this does 
not give any indication that two isolates are closely 
related, as can be seen among the isolates identified as 
belonging to PFGE types A, HeEMRSA-Poll. It hac 
been reported that RAPD was not as discriminatory 
as PFGE [11,14]. The results presented here show 
that RAPD using different primers can discriminate 
between and within the clones identified by PFGE and 
BT. 
Plasmid analysis provides important information 
concerning the evolution of resistance in strains in 
conjunction with the data obtained from AST. The lack 
of 0-lactamase activity in some strains of hetero- 
geneously resistant MRSA seems to be associated with 
the lack of detectable plasmid DNA. It is important to 
note that the in vitro susceptibility of MRSA to 
penicillin is used only as a phenotypic marker, as all 
MRSA isolates are intrinsically resistant to all p-lactam 
antibiotics [ 19). 
AST, using a wide range of antibiotics, for 
epidemiologic analysis is inexpensive and is certainly 
usefiil as an initial screening test to determine strain 
relatedness. In Poland, genotypic methods for the 
analysis of outbreaks are not widely used, and hence the 
relative importance of AST is much greater. AST may 
be useful in helping to distinguish between homo- 
geneous and heterogeneous and between different 
heterogeneous strains. However, the instability of 
susceptibility profiles in S. u w e w  partly due to changes 
in plasmid content, renders AST unreliable in deter- 
mining the relatedness of isolates [ lo]. 
This paper provides the first evidence for the 
presence of epidemic heterogeneously resistant MRSA 
in hospitals outside of Warsaw. A strain similar to 
the original heterogeneous clone was found in both 
regions, while three previously undescribed strains 
were found in the Grajewo region only. We have found 
that initial AST, which provides a cheap, initial screen 
for identifying related strains, followed by a com- 
bination of molecular typing techniques with good 
resolving power, such as PFGE, RAPD or BT, provides 
a reliable means of analyzing isolates of MRSA to 
determine their relatedness. The results of this study 
will provide important information to assist our 
understanding of epidemic MRSA infections in Poland 
and our attempts to reduce and control the incidence 
of nosocomial infections with these organisms. 
Acknowledgments 
This project was partially supported by the Microbank 
Project and the Polish-Dutch Intergovernmental Agree- 
ment for Co-operation in Science, both of which 
were sponsored by the Polish Committee of Scientific 
M u r c h a n  e t  a l :  S p r e a d  o f  e p i d e m i c  meth ic i l l in - res is tant  S t a p h y l o c o c c u s  a u r e u s  in  Po land  489 
Studies (KBN). Stephen Murchan was sponsored by 
Glaxo-Wellcome, Poland. We would like to thank 
Elibieta Stefaniuk for supplying the MRSA isolates 
from the hospital in Warsaw. 
Part of this work was presented as a poster entitled 
‘Epidemiological analysis of methican-resistant Staphylo- 
coccus aureus isolates from two centres in Poland’, by S. 
Murchan, A. Skoczyiiska, K. Trzciiiski, T. Gadomski, 
S. Pietuszko, E. Stefaniuk and W. Hryniewicz, at  the 
European Congress of Clinical Microbiology and 
Infectious Diseases, Lausanne, Switzerland, May 1997, 
Abstract No. 435. 
References 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Jevons MP. Celbenin-resistant staphylococci. Br Med J 1961; 1: 
Parnas J, Jablofiski L. The sensibility of penicillin-resistant 
staphylococci to celbenin. Pol Tyg Lek 1961; 16: 1341-4. 
Ayliffe GAJ. The progressive intercontinental spread of methi- 
cilln-resistant Staphylococcus aureus. Clin Infect Dis 1997; 24(suppl 
Kreiswirth B, Kornblum J, Arbeit RD, et al. Evidence for a 
clonal spread of methicillin resistance in Staphylococcus aureus. 
Science 1993; 259: 227-30. 
Musser JM, Kapur V. Clonal analysis of methicillin resistant 
Staphylococcus aureus strains from intercontinental sources: 
association of the mec gene with divergent phylogenetic lineages 
implies dissemination by horizontal transfer and recombination. 
J Clin Microbiol 1992; 30: 2058-63. 
Struelens MJ, Deplano A, Godard C, Maes N, Seruys E. 
Epidemiological typing and delineation of genetic relatedness 
of methicillin-resistant Staphylococcus aureus by macro-restriction 
analysis of genomic DNA by using pulsed-field gel electro- 
phoresis. J Clin Microbiol 1992; 30: 2599-605. 
Voss A, Milatovic D, Wdrauch-Schwarz D, Rosdahl VT, 
Braveny I. Methicillin-resistant Staphylococcus aureus in Europe. 
Eur J Clin Microbiol Infect Dis 1994; 13: 50-5. 
Mitsuda T, Arai K, Fujita S, Yokoya S. Epidemiological analysis 
of strains of methicillin-resistant Staphylococcus aureus (MRSA) 
infection in the nursery; prognosis of MRSA carrier infants. 
J Hosp Infect 1995; 31: 123-34. 
Mayer LW. Use of plasmid profiles in epidemiologic survedlance 
of disease outbreaks and in tracing the transmission of antibiotic 
resistance. Clin Microbiol Rev 1988; 1: 228-43. 
Tenover FC, Arbeit R, Archer G, et al. Comparison of 
traditional and molecular methods of typing isolates of Staphylo- 
coccus aureus. J Clin Microbiol 1994: 324: 407-15. 
Saulnier P, Bourneux C, Prevost G, Andremont A. Random 
amplified polymorphic DNA assay is less mscriminatory than 
pulsed field gel electrophoresis for typing strains of methicillin- 
resistant Staphylococcus aureus. J Clin Microbiol 1993; 31: 798- 
803. 
Bannerman TL, Hancock GA, Tenover FC, Miller JM. Pulsed- 
field gel electrophoresis as a replacement for bacteriophage 
typing of Staphylococcus aureus. J Clin Microbiol 1995; 33: 551-5. 
Trzciiiski K, Hryniewicz W, Kluytmans J, et al. Simultaneous 
persistence of methicillin-resistant and methicillin-susceptible 
clones of Staphylococcus aureus in a neonatal ward of a Warsaw 
hospital. J Hosp Infect 1997; 36: 291-303. 
Trzcifiski K, Van Leeuwen W, Van Belkum A, et al. Two clones 
124-5. 
1): s74-9. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
of niethicillin-resistant Staphylococcus aureus in Poland. Clin 
Microbiol Infect 1997; 3: 198-207. 
Tomasz A. Auxiliary genes assisting in the expression of 
methicillin resistance in Staphylococcus aureus. In Novick R, ed. 
Molecular biology of the staphylococci. New York: VCH 
Publishers, Inc., 1990: 565-83. 
Trzcifiski K, Hryniewicz W, Claus H,  Witte W Characterization 
of two different clusters of clonally related methicillin resistant 
Staphylococcus aureus strains by conventional and molecular typing. 
J Hosp Infect 1994; 28: 113-26. 
Hryniewicz W, Trzciiiski K. The current situation and per- 
spectives of standardization in susceptibility testing in Poland. 
Anti-infect Drugs Chemother 1994; 13: 35-40. 
Kloos WE, Bannerman TL. Staphylococcus and Micrococcus. In 
Murray PR,  Baron EJ, Pfaller MA, Tenover FC, Yolken R H ,  
eds. Manual of clinical microbiology, 6th edn. Washington DC: 
ASM Press, 1995; 282-4. 
National Committee for Clinical Laboratory Standards. Perfor- 
mance standards for antimicrobial disk susceptibility tests, 4th 
edn. Approved standard M2-A6, Vol. 17. Villanova, Pa: 
NCCLS, 1997. 
Courvahn E’, Soussy C-J, eds. Report of the Comith de 
I’Antibiogramme de la Societk Francaise de Microbiologie. Clin 
Microbiol Infect 1996; 2 (suppl 1): Sll-25. 
British Society for Antimicrobial Chemotherapy. A guide to 
sensitivity testing. London: Academic Press Limited, 1991. 
Finlay J, Logan J, Miller L, Poupard J. Interpretative criteria for 
susceptibility testing of mupirocin against staphylococci [abstract 
D281. In: Abstract book of the 35th Interscience Conference on 
Antimicrobial Agents and Chemotherapy. American Society for 
Microbiology, 1995. 
de Lencastre H,  Figueiredo AM, Urban C, Rahal J, Tomasz A. 
Multiple mechanisms of methicillin resistance and improved 
methods for detection in clinical isolates of Staphylococcus aureus. 
Antimicrob Agents Chemother 1991; 35: 632-9. 
Murakami K, Minamide W, Wada K, Nakamura E, Teraoka H,  
Watanabe S. Identification of methicillin resistant strains of 
Staphylococcus aureus by polymerase chain reaction. J Clin 
Microbiol 1991; 29: 2240-4. 
Witte W, Grimm H. Occurrence of quinolone resistance in 
Staphylococcus aureus from nosocomal infections. Epidemiol Infect 
Goei-ing R. Molecular epidemiology of nosocomial infection: 
analysis of chromosomal restriction fragment patterns by pulsed- 
field gel electrophoresis. Infect Control Hosp Epidemiol 1993; 
14: 595-600. 
Tenover FC, Arbeit RD, Goering RV, et al. Interpreting 
chromosomal DNA restriction fragments produced by pulsed- 
field gel electrophoresis: criteria for bacterial strain typing. J Clin 
Microbiol 1995; 33: 2233-9. 
Van Belkum A. DNA fingerprinting of medically important 
microorganisms by use of PCR.  Clin Microbiol Rev 1994; 7: 
174-84. 
Van Belkum A, Kluytmans J, Van Leeuwen W, et al. Multicentre 
evaluation of arbitrary primed PCR for typing of Staphylococcus 
aureus strains. J Clin Microbiol 1995; 33: 1537-47. 
Van Leeuwen W, Sijmons M, Ship  J, Verbrugh H,  Van Belkum 
A. O n  the nature and use of randomly amplified DNA from 
Staphylococcus aureus. J Clin Microbiol 1996; 34: 2770-7. 
Birnboim HC, Doly J. A rapid alkaline extraction procedure for 
screening recombinant plasmid DNA. Nucleic Acids Res 1979; 
Bismuth R. Cocci a Gram Positif et Aminosides. In Courvalin 
P, Goldstein F, Philippon A, Sirot J, eds. L‘Antibiogramme. Paris: 
MPC-Videom, 1985: 29-39. 
1992; 109: 4513-21. 
7: 1513-23. 
490 C l i n i c a l  M i c r o b i o l o g y  a n d  I n f e c t i o n ,  V o l u m e  4 N u m b e r  9, S e p t e m b e r  1 9 9 8  
33. Courvalin I! Interpretive reading of in  vim antibiotic suscrpti- 
bility tern (the antibiogramnie). Clin Microbiol Infect 1996; 
2 (suppl 1): S26-34. 
34. Buu-Hoi A. COCCI a Gram positif et iiiacr~,lide-lincosanudes- 
streptogranunes. In Conrvalin, P, Goldstcin F. Philippon A, Sirot 
J, edy. L'Antibiograrnme. h i \ :  MPC-Videom, 1985: 41-8. 
